Inclusion of Scar/WAVE3 in a similar complex to Scar/WAVE1 and 2 by Stovold, Craig et al.
 
 
Inclusion of Scar/WAVE3 in a similar complex to
Scar/WAVE1 and 2
Stovold, Craig; Millard, Thomas; Machesky, Laura
DOI:
10.1186/1471-2121-6-11
License:
Creative Commons: Attribution (CC BY)
Document Version
Publisher's PDF, also known as Version of record
Citation for published version (Harvard):
Stovold, C, Millard, T & Machesky, L 2005, 'Inclusion of Scar/WAVE3 in a similar complex to Scar/WAVE1 and
2', BMC Cell Biology, vol. 6, 11. https://doi.org/10.1186/1471-2121-6-11
Link to publication on Research at Birmingham portal
Publisher Rights Statement:
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.
Checked July 2015
General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.
•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.
Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.
When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.
If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.
Download date: 01. Feb. 2019
BioMed CentralBMC Cell Biology
ssOpen AcceResearch article
Inclusion of Scar/WAVE3 in a similar complex to Scar/WAVE1 and 
2
Craig F Stovold, Thomas H Millard and Laura M Machesky*
Address: School of Biosciences, The University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK
Email: Craig F Stovold - craig_stovold@hotmail.com; Thomas H Millard - tom_millard@hotmail.com; 
Laura M Machesky* - l.m.machesky@bham.ac.uk
* Corresponding author    
Abstract
Background: The Scar/WAVE family of proteins mediates signals to actin assembly by direct
activation of the Arp2/3 complex. These proteins have been characterised as major regulators of
lamellipodia formation downstream of Rac activation and as members of large protein complexes.
Results: We have investigated the interactions of the three human Scar/WAVE isoforms with
several previously described binding partners for Scar/WAVE 1 or 2. We find that all three Scar/
WAVE isoforms behave similarly and are likely to participate in the same kinds of protein
complexes that regulate actin assembly.
Conclusion: Differences between Scar/WAVE proteins are therefore likely to be at the level of
tissue distribution or subtle differences in the affinity for specific binding partners.
Background
Rearrangements of the cortical actin cytoskeleton are
essential for numerous cell processes such as cell migra-
tion, phagocytosis [1,2], and adhesion [3], in which for-
mation of dendritic networks of polymerised actin plays a
key part. The Arp2/3 complex is required in the formation
of dendritic networks to provide sites for de novo nuclea-
tion of actin filaments and to form branch points from
existing filaments [4-6]. The mammalian Arp2/3 complex
can be activated downstream of Rho family small GTPases
by several known interacting proteins, in particular mem-
bers of the Wiskott Aldrich Syndrome Protein Family
(haematopoietic WASP, ubiquitous N-WASP, and Scar/
WAVE 1, 2, and 3 [Suppressor of Cyclic AMP Receptor
mutation/Wiskott Aldrich VErprolin homologous pro-
tein]) [7,8]. Homology between these proteins consists of
a core proline rich region, and C-terminal WH2 (Wiskott
Homology 2) and Acidic (A) domains, of which the WH2
and A domains together are sufficient to activate the Arp2/
3 complex [9-11]. N-WASP and the Scar/WAVE proteins
differ the most at the amino-terminus, designated the
Wiskott-Homology 1 (WH1) domain and the Scar/WAVE
homology domain (SHD) [9].
Regulation of WASP-family proteins involves many inter-
actions and is still the subject of intensive research. WASP
and N-WASP are found in an inhibitory complex with
WIP/CR16 proteins and can be activated by the small
GTPase Cdc42 and a co-activating protein TOCA-1,
recently described by Ho et al. [12]. Phosphorylation on
tyrosine residues in the N-terminal half of WASP/N-WASP
can also enhance the activation and perhaps serve to pro-
long its duration ([13-15]). Original reports had sug-
gested that WASP/N-WASP were autoinhibited in their
pure form, but whether this form is ever present in cells is
unclear, so the physiological relevance of autoinhibition
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teins were constitutively active toward Arp2/3 complex in
vitro, but have been postulated to be regulated by the
small GTPase Rac in vivo [17,18]. In 2002, Eden et al puri-
fied Scar/WAVE1 from bovine brain extracts in association
with a complex of four other proteins; p140-SRA1, p125
Nck-Associated Protein (NckAP1), HSPC300, and Abi2
[19]. They proposed a model whereby active Rac could
bind to p140-SRA1 and cause it plus NckAP1 and Abi2 to
dissociate, releasing active Scar/WAVE in a complex with
HSPC300.
Some of the members of this so-called "Scar/WAVE com-
plex" had been previously studied by other groups and
implicated in signalling. SRA1 (also called Cytoplasmic
FMRP Interacting protein [20]) is a Rac associated protein
which also binds to the SH3 domain containing adapter
protein Nck, and the Fragile-X Mental Retardation Protein
(FMRP) [20-23]. NckAP1 also interacts with active Rac
and Nck, although the interaction appears to be indirect
in both cases [22,23]. HSPC300 is a small, ubiquitously
expressed, uncharacterised Haematopoeitc Stem/Progeni-
tor Cell protein, bearing considerable homology to the
Maize actin cytoskeletal associated protein Brk1 [24-26].
Abi2 (Abl interactor 2) is a neuronally expressed SH3
domain containing protein associated with Abl tyrosine
kinase [27]. It has a close relative, Abi1, also referred to as
e3B1 (eps8 binding protein 1) in early literature [28,29].
Since Eden et al., a similar complex has also been isolated
in association with Scar/WAVE2 [30,31]. This complex
contains the more ubiquitously expressed Abi1 (as
opposed to Abi2) consistent with the more ubiquitous
expression of Scar/WAVE 2 compared to the other Scar/
WAVE isoforms [31-33]. In these studies, the complex
does not dissociate upon Rac activation and is not inhibi-
tory during in vitro actin polymerisation assays [31].
Recombinant Abi1 is rather found to increase the Arp2/3
complex activating ability of recombinant Scar/WAVE 2
[31]. Following these studies, the mechanism for regula-
tion of the different Scar/WAVE proteins has been called
into question. It has been proposed that differences
between Eden et al. and the other two studies may be due
to experimental conditions or to genuine differences
between Scar/WAVE isoforms [19,30,31,34,35].
Knockdown of Abi1, SRA1 and NckAP1 in mammalian
tissue culture cells causes severe defects in formation of
lamellipodia [31,36], similar to loss of Scar/WAVE 2 activ-
ity [37,38]. Mutations or RNAi knockdown of the only
Drosophila Scar/WAVE protein severely affects the ability
of cultured cells to produce lamellipodia, ruffles and filo-
podia [39-41]. Mutational and RNAi studies used to pro-
duce Drosophila cells deficient in the NckAP1 homologue,
Kette, reveal a lack of actin based protrusions in the
absence of functional protein [42,43]. RNAi knockdown
of Drosophila Abi1 and SRA1 also prevents the formation
lamellipodia in tissue culture cells [39,41,43]. Dictyostel-
ium knock out of Scar protein exhibits severe defects in
chemotaxis and motility, but cells can still extend pseudo-
pods and migrate directionally [44,45], whereas knockout
of the PirA gene encoding an homologue of SRA1 causes
an excessive lamellipodial protrusion phenotype, thought
to be due to unregulated Scar protein activity [46].
While the Scar/WAVE complex is currently thought to be
the most likely regulator of Scar/WAVE activity in cells,
several other Scar/WAVE binding proteins have been iden-
tified and proposed to regulate its activity. IRSp53, for
example, binds to Scar/WAVE2 and also to Rac and was
proposed to be a Scar/WAVE2 regulator prior to Eden et
al. ([47-50]). It was unclear whether IRSp53 binding was
specific to Scar/WAVE 2, or ubiquitous among the Scar/
WAVEs and where/when Scar/WAVE was associated with
IRSp53 as opposed to the other binding partners. IRSp53
is also a scaffold protein, with several partners, raising the
possibility of at least two different types of large protein
complexes in association with Scar/WAVE proteins
[49,51-55].
Scar/WAVE3 is the most tissue-specific of the three mam-
malian Scar/WAVE isoforms, being found in haematopoi-
etic cells and brain tissue, but not yet being characterised
in cells [9,56]. It has not previously been shown whether
Scar/WAVE3 interacts with either Abi1/2 or HSPC300.
This report presents data indicating that the interaction of
Scar/WAVE proteins with Abi1, HSPC300 and IRSp53 is
conserved among all three Scar/WAVE proteins, suggest-
ing that multiple different protein complexes likely exist
in cells that contain different Scar/WAVE isoforms. This
observation suggests that the different Scar/WAVE iso-
forms are not regulated by exclusive participation in spe-
cific complexes, but rather that the regulation is likely to
be more subtle, at the level of affinity or modifications/
binding partners not yet discovered. Alternatively, Scar/
WAVEs may have largely overlapping functions when
present in the same cell type, although there is already
some evidence against this idea [57].
Results
Association of the Scar/WAVE complex with Scar/WAVE 3
Protein sequence conservation between the three Scar/
WAVE proteins in the N-terminal Scar Homology Domain
(SHD) indicates a potential for association of binding
partners with all three members of the family. Scar/
WAVE1 and 2 have been shown to associate with the key
adapter protein Abi1 through the SHD, so it is possible
that Abi1 would also associate with Scar/WAVE3 [19,30].
To test for an interaction between Scar/WAVE3 and Abi1,
immunoprecipitations were performed with antibodiesPage 2 of 12
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BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11recognising Abi1 (Fig. 1A) and antibodies recognising
Scar/WAVE3 (Fig. 1B). Anti-Abi1 immunoprecipitates co-
precipitate Scar/WAVE1 and 3 with endogenous Abi1
from mouse brain extracts, while Abi1, Scar/WAVE1 and
Scar/WAVE3 are not present in immunoprecipitates with
an unrelated control antibody or without antibody (Fig.
1A). Abi1 also co-immunoprecipitates with Scar3, but is
not detected in the absence of antibody or in unrelated
control immunoprecipitates (Fig. 1B). Since Abi1 is
thought to bind directly to Scar/WAVE proteins and to
connect them with the rest of the Scar/WAVE complex,
interaction with Abi1 is a strong indicator Scar/WAVE3
Co-immunoprecipitation of Scar3 and Abi1 from mouse brain extractFigure 1
Co-immunoprecipitation of Scar3 and Abi1 from mouse brain extract. Protein G beads were used to precipitate Abi1 from 
mouse brain extracts in the presence or absence of (A) anti-Abi1 or an unrelated control antibody or (B) anti-Scar3 or an 
unrelated control antibody. (A) The beads fractions were probed with anti-Abi1, anti-Scar/WAVE1 and anti-Scar/WAVE3. 
Anti-Abi1 immunoblotting confirmed precipitation of Abi1 only with specific antibody and immunoblotting with anti-Scar/
WAVE1 shows association with a known binding partner. Immunoblotting with anti-Scar/WAVE3 revealed Scar/WAVE3 to 
also be present in Abi1 immunoprecipitates. Anti-Abi1 pulls down both Scar1 and Scar3 together with Abi1. (B) Beads fractions 
from anti-Scar/WAVE3 immunoprecipitates were probed with both anti-Scar/WAVE3 and anti-Abi1. Both Scar3 and Abi1 are 
detected in anti-Scar/WAVE3 immunoprecipitates, but not with controls.
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BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11associates in an analogous complex to Scar/WAVE1 and 2
isoforms [35].
Conservation of Scar complex association between all 
three human Scar/WAVE isoforms
Our data and previously published studies indicate that
Abi1 exhibits the potential to bind to all three mamma-
lian Scar/WAVE isoforms. To test whether the association
of Scar/WAVE1, 2, and 3 with Abi1 is mediated by the Scar
Homology Domain, Myc-Scar/WAVE SHD of each of the
three family members were transiently expressed in Cos
cells with HA-Abi1 or HA-HSPC300 and immunoprecipi-
tated using a 9E10 anti-myc monoclonal antibody. HA-
Abi1 precipitated with each of the three SHDs, but not in
the absence of antibody or Myc-SHD (Fig. 2A). HA-
Co-immunoprecipitation of Abi1 and HSPC300 with Scar H mology DomainFigure 2
Co-immunoprecipitation of Abi1 and HSPC300 with Scar 
Homology Domain. Cos 7 fibroblasts transiently transfected 
as indicated. Protein G beads were used to immunoprecipi-
tate Myc-Scar1 SHD, Myc-Scar2 SHD or Myc-Scar3 SHD 
from lysates in the presence (+) or absence (-) of anti-Myc 
(9E10) monoclonal antibody. Empty pRK5-Myc vector was 
used as an additional negative control. (A) HA-Abi1 was 
detected in the beads plus antibody fractions for Myc-Scar1 
SHD, Myc-Scar2 SHD, and Myc-Scar3 SHD, but not in the 
negative controls. (B) HA-HSPC300 was detected in the 
beads plus antibody fraction of immunoprecipitations from 
cells co-transfected only with Myc-Scar1 SHD, Myc-Scar2 
SHD, and Myc-Scar3 SHD, but not empty vector controls or 
in the absence of 9E10 antibody.
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Recombinant SHD pulls down Abi1 and HSPC300Figure 3
Recombinant SHD pulls down Abi1 and HSPC300. Lysate of 
Cos7 fibroblasts transfected with HA-Abi1 or HSPC300 was 
incubated as indicated with GST alone, GST-Scar1 SHD (A), 
GST-Scar2 SHD (A), or GST-Scar3 SHD (B) on glutathione-
s-agarose beads. Beads bound fractions were analysed by 
SDS-PAGE and immunoblotting with a monoclonal anti-Myc 
(9E10) antibody. HA-Abi1 and HA-HSPC300 were found in 
pull-downs with all three Scar Homology Domains, but not 
with GST alone.
Table 1: Yeast two-hybrid analysis of interactions between Abi1, 
HSPC300, and various domains of Scar1. (+) Indicates a positive 
interaction backed up by a beta-Gal reporter gene assay. (-) 
Indicates negative for an interaction between the constructs.
pAct-Scar1 PYTH9
HSPC300 Abi1
Full Length (FL) + +
SB + +
SP + +
BPWA - +/-
PWA - -
GST
GST-Scar2 SHD
Myc-Abi1
Myc-HSPC300
GST-Scar1 SHD
+ +
+ +
+ +
+++
+++
----
----
-
- - -
- -
----
Anti-Myc
Immunoblot
GST
GST-Scar3 SHD
+
-
-
-
-
+
+
+
Myc-Abi1
Myc-HSPC300
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--
--
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BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11HSPC300 also co-immunoprecipitated with all three
SHDs, but not the negative controls (Fig 2B). Pull-down
experiments performed from HA-Abi1 or HA-HSPC300
transfected Cos cell lysates using GST-fusion proteins of
Scar/WAVE1 and 2 (Fig. 3A) and Scar/WAVE3 (Fig. 3B)
also show conservation of interaction of all human Scar/
WAVE isoforms with Abi1 and HSPC300. Supporting data
showing the specific interaction of Abi1 with Scar/WAVE1
SHD is shown in Table 1 and Additional file 1B. Data sup-
porting interaction of Scar/WAVE1 SHD with HSPC300 is
shown in Table 1 and in Additional file 1C.
Conserved interaction of Scar/WAVE isoforms with IRSp53
Conservation of Scar Homology Domain binding part-
ners raises the question of whether other binding partners
of Scar/WAVE are also capable of interacting with the
entire Scar/WAVE family. IRSp53 has been implicated in
regulation of actin dynamics through binding to Scar/
WAVE proteins [49,50,54]. GST-IRSp53 was used for pull
down experiments to test for binding to Scar/WAVE1, 2,
and 3 (Fig. 4). None of the Scar/WAVE isoforms were
detected in the beads fraction of a negative control (con-
stitutively active GST-L61 Cdc42), but all were detected in
the beads fraction of GST-IRSp53. An ability to bind to
IRSp53 is conserved between all three human members of
the Scar/WAVE family, although the binding appears to be
strongest for Scar/WAVE2. Conservation of this interac-
tion may indicate that all three Scar/WAVE proteins are
regulated by common mechanisms, but the increased
binding of Scar/WAVE2 to IRSp53 highlights the possibil-
ity that differing affinities for binding partners between
the three Scar/WAVE isoforms may affect their roles in
cells.
Cellular localisation of Scar/WAVE3
As an activator of the Arp2/3 complex, Scar/WAVE3
would be expected to localize to the same areas of the cell
as polymerized actin, subunits of the Arp2/3 complex,
and members of the Scar/WAVE complex. C2C12 cells
were used for immunocytochemistry with anti-Scar3 pol-
yclonal antibody (Fig. 5Ai, Bi, Ci), phalloidin to detect fil-
amentous actin (Fig. 5Aii), anti-Arp2/3 monoclonal
antibody (Fig. 2Bii), and anti-Abi1 antibody (Fig. 5Cii).
C2C12 cells were used because they were the only stand-
ard tissue culture cell line that we found to contain a
detectable amount of Scar/WAVE3 protein (see Methods).
Scar/WAVE3 mainly exists in a peri-nuclear pool with
enrichment to areas of polymerised actin (Fig. 5Aiii).
Scar/WAVE3 co-localises with the Arp2/3 complex subu-
nit, Arp3 (Fig. 5Biii), and with Abi1 (Fig. 5iii) in areas of
IRSp53 interacts with Scar/WAVE1, 2 and 3Figure 4
IRSp53 interacts with Scar/WAVE1, 2 and 3. Equivalent amounts of GST-IRSp53 or constitutively active GST-L61 Rac were 
used for pull-down assays from lysates of Cos cells transfected with Myc-Scar1, 2 or 3. Bead fractions and whole cell lysates, 
indicating loading with each Scar/WAVE isoform, were analysed by SDS-PAGE and immunoblotting with monoclonal (9E10) 
anti-Myc antibody. None of the Scar/WAVE isoforms bound to active Cdc42, but all were detected in GST-IRSp53 bead 
fractions.
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BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11lamellipodial protrusion. Our results show Scar/WAVE3
to localise to areas of polymerised actin near the cell
periphery and to co-localise with a known component of
the Scar/WAVE complex, indicating that Scar/WAVE3 may
have a similar role and method of regulation to Scar/
WAVE1 and 2.
Cellular localisation of Scar/WAVE SHD, Abi1, and 
HSPC300
If the SHD of Scar/WAVE protein mediates the interaction
with a regulatory complex it can be expected that the SHD
will co-localise with binding partners in cells. Ectopic
expression of full length Scar/WAVE isoforms in cells
reveals a peri-nuclear and cytoplasmic pool, causing an
abundance of polymerised actin in the cytoplasm, but
with enrichment of Scar/WAVE protein in lamellipodia
[50,58]. A sizeable amount of Myc-Scar 1 SHD (Fig 6Aiii),
Myc-Scar 2 SHD (Fig 6Aiv), and Myc-Scar 3 SHD (Fig.
6Av) localises to the cell periphery in lamellipodia, as well
as in a cytoplasmic pool similar to full length Scar/WAVE
proteins (see Figure 5Ai for comparison). HA-Abi1 is
present throughout the cytoplasm in spots (Fig 6Aii), pre-
viously described as characteristic of the reticulovesicular
system [59]. HA-HSPC300 exhibits a similar cellular
localisation to ectopically expressed Scar/WAVE1, 2 and 3
being abundant in and around the nucleus, and diffusely
around the cytoplasm with enrichment at lamellipodia
(Fig 6Ai).
When expressed with Myc-Scar 1 SHD (Fig. 6Bi), HA-
HSPC300 (Fig. 6Bii) co-localises (Shown as yellow in
merge pictures [6Biii]) with enrichment in ruffles. Myc-
Scar/WAVE 2 (Fig. 6Di), and 3 (Fig 6Fi) SHD also co-
localises with HA-HSPC300 (Fig. 6Dii, 6Fii) in the
nucleus, cytoplasm, and particularly strongly at areas of
ruffles, shown as yellow in merge images (Fig. 6Diii,
6Fiii). All three human isoforms behave the same in the
presence of HSPC300 consistent with a conservation of
the interaction between Scar/WAVEs and HSPC300.
HA-Abi1 (Fig. 6Cii) strongly co localises with Myc-Scar 1
SHD (yellow, Fig 6Ciii), in unidentified punctate spots
(Fig 6Ci). Myc-Scar 2 SHD (Fig. 6Ei) shows a similar co
localisation with Abi1 (Fig. 6Eii and 6iii), whilst Myc-Scar
3 SHD (Fig. 6Gi) shows partial co-localisation to Abi1
(Fig. 6Gii and 6iii). Although Myc-Scar3 SHD (Fig. 6Gi)
co-localises to the HA-Abi1 spots (Fig. 6Giii) to a lesser
extent than Scar/WAVE1 and 2 SHD, leaving some diffuse
staining in the cytoplasm and nucleus. Abi1 expression
affects the localisation of all three human Scar/WAVE iso-
forms in Cos7 cells, providing further evidence for a role
of the Scar/WAVE complex in regulation of the activity
and localisation of Scar/WAVE proteins. The staining pat-
tern seen for overexpressed HA-Abi1 (Fig. 6Aii, Cii, Eii and
6Gii) does not strongly correlate with the cellular localisa-
tion of endogenous Abi1 (Fig. 5Cii). Although the punc-
tuate staining pattern seen in cells over-expressing Abi1
has been described as being characteristic of the reticu-
lovesicular system (Ziemnicka-Kotula, 1998), it is also
possible that these spots are protein aggregates induced by
overexpression of Abi1. The relocalisation of Scar/
WAVE1, 2 and 3 SHDs to these vesicles or aggregates may
or may not be biologically important, but it does demon-
strate the possibility that Abi1 can affect Scar/WAVE pro-
tein localisation in cells.
Discussion
We show that Abi1 and HSPC300 interact with three
human Scar/WAVE isoforms, via the Scar Homology
Domain. Conservation of Abi1 binding between all three
Scar/WAVEs is indicative of the association of the "Scar/
WAVE complex" with all three isoforms, as Abi1 seems to
be the link between Scar/WAVE and NckAP1 and SRA-1/
PIR121 in previous reports [30,31]. Association of the
complex with all three Scar/WAVE proteins is a possibil-
ity, as all the complex members are widely expressed
throughout the body and seem to be found in all tissues
where a Scar/WAVE protein is expressed [26,60].
Little is known about the role of Scar/WAVE3 in cells.
Expression of the mammalian Scar/WAVE3 gene is largely
limited to the brain and lung with relatively little expres-
sion in other adult tissues [9,32,56]. The major suggestion
has been a role in lamellipodial and filopodial protrusion
indicated by localisation in neuronal growth cones and
interaction with the Arp2/3 complex [9,57]. Association
with a Abi1-NckAP1-SRA1 does indicate a further poten-
tial role for Scar/WAVE3 in lamellipodial protrusion given
the requirement for these proteins in the ruffling process
[31,36]. Scar/WAVE3 is also implicated as a potential
tumour suppressor protein in some ganglioneuroblasto-
mas when the gene is down-regulated [56].
The role of interaction of HSPC300 with the Scar/WAVE3
complex is unknown. Loss of function of the brk1 gene
product, the Maize homologue of HSPC300, causes aber-
rations in cellular morphology and filamentous actin dis-
tribution of leaf epidermal cells [24,25]. This could
indicate a role in regulating the localisation of actin
polymerisation machinery, but this idea awaits further
testing. HSPC300 is also implicated in the frequency of
occurrence of renal cell carcinoma [26].
Association of all three Scar/WAVE isoforms with an Abi-
NckAP1-SRA1 complex may show that there is some func-
tional redundancy between Scar/WAVE family members
but data from mice deficient in a Scar/WAVE isoform indi-
cates that Scar/WAVE1 and 2 do not have completely over-
lapping functions [37,38,57,61]. The identification of
specific binding partners for Scar/WAVE1, such as WRP,Page 6 of 12
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BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11Cellular localisation of Scar3Figure 5
Cellular localisation of Scar3. C2C12 cells were stained with anti-Scar/WAVE3, anti-Arp3, anti-Abi1 and fluorescently labelled 
phalloidin to investigate the cellular localisation of endogenous proteins. (A) C2C12 cells stained with (i) anti-Scar/WAVE3 
(green), (ii) phalloidin (red) (iii) reveal co-localisation of Scar/WAVE3 with cortical polymerised actin in membrane ruffles. Scar/
WAVE3 also colocalises with other areas enriched in polymerised actin, but not stress fibres. (B) Co-staining with (i) anti-Scar/
WAVE3 and (ii) anti-Arp3 reveals co-localisation of Scar/WAVE3 (green) with the Arp2/3 complex (red) at protruding areas of 
the cell membrane. (C) Cells stained with (i) anti-Scar/WAVE3 and (ii) anti-Abi1. (iii) Scar/WAVE3 (green) co-localises with 
Abi1 (red) in some areas of membrane protrusion. A (i), B (i), and C (i) all show a cytoplasmic and perinuclear and cytoplasmic 
pool of Scar/WAVE3, with enrichment at areas of lamellipodial protrusion. B (ii) and C (ii) show similar patterns of staining for 
Arp3 and Abi1. Scale bars are equal to 20 µm in all pictures.
A Mergephalloidin (Red)anti-Scar3 (Green)
i iiiii
B anti-Scar3 (Green) anti-Arp3 (Red) Merge
i iiiii
C anti-Abi1 (Red)anti-Scar3 (Green) Merge
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BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11Cellular localization of Abi1, HSPC300, and the Scar homology domainFigure 6
Cellular localization of Abi1, HSPC300, and the Scar homology domain. Transfected Cos cells were stained with a monoclonal 
anti-Myc antibody and polyclonal anti-HA antibodies to detect over-expressed proteins. (A) Cos7 cells were co-transfected 
with (i) HA-HSPC300, (ii) HA-Abi1, (iii) Myc-Scar1 SHD, (iv) Myc-Scar2 SHD, or (v) Myc-Scar3 SHD to examine localization of 
these proteins. HSPC300, and all three SHDs localise in a diffuse cytoplasmic pool with some enrichment at protrusive edges 
of cells. Abi1 is not detected at the edges of cells, but appears in vesicle-like spots throughout the cytoplasm. (B) Cos7 cells 
were co-transfected with Myc-Scar1 SHD (i) and HA-HSPC300 (ii) shown as red and green respectively in a merged image (iii). 
Scar1-SHD and HSPC300 exhibit the same diffuse staining throughout the cytoplasm but also co-localize at protruding edges of 
cells. (C) Cos7 cells were co-transfected with Myc-Scar1 SHD (i) and HA-Abi1 (ii). (iii) Shows a merge image with myc-Scar1 
SHD in red and HA-Abi1 in green. Scar1 SHD and Abi1 both colocalize to punctate spots similar to those seen for Abi1 alone. 
(D) Cos7 cells co-transfected with Myc-Scar2 SHD (i) and HA-HSPC300 (ii) shown as red and green respectively in a merge 
image (iii). Both Scar2 SHD and HSPC300 exhibit peri-nuclear staining and localization to protrusive edges of cells. (E) Cos7 
cells co-transfected with Myc-Scar2 SHD (i) and HA-Abi1 (ii). (iii) Scar2 SHD (red) and Abi1 (green) show co-localization to 
cytoplasmic spots and the edges of cells. (F) Cos7 cells co-transfected with (i) Myc-Scar3 SHD (red) and (ii) HA-HSPC300 
(green), in a merged image (iii). HSPC300 and Scar3 SHD show diffuse cytoplasmic staining with enrichment at protrusive 
edges of cells. (G) Cos7 cells co-transfected with (i) Myc-Scar3 SHD and (ii) HA-Abi1. (iii) In a merge image Abi1 (green) and 
Scar3 SHD (red) co-localize to punctate cytoplasmic spots and to the edges of lamellipodia. Scale bars in all panels are 20 µm.
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fering roles between Scar/WAVE proteins [62-64]. The
conservation of the Abi1-NckAP1-SRA1 complex between
three Scar/WAVE isoforms suggests that regulation of indi-
vidual Scar/WAVE proteins is likely to involve compo-
nents that we have not yet studied [37,57,58,61]. Other
proteins that associate with the complex may perform this
regulation, or tissue specificity may occur between the
complexes formed where differentially expressed related
proteins, such as Abi1 or 2, bind to alternative Scar/WAVE
isoforms with different affinities. Further study of the
Scar/WAVE family and associated proteins will be
required to fully understand the true roles and mecha-
nisms of function of these complexes in cells.
Conclusion
We conclude that Scar/WAVE3 is likely to participate in
similar signalling complexes to Scar/WAVE1 and 2 and
that the differences between these Scar/WAVE proteins is
likely to be at the level of tissue expression, differences in
affinity for certain binding partners and possibly interac-
tion with yet undiscovered binding partners.
Methods
Reagents and chemicals
All chemicals were purchased from Sigma-Aldrich, UK
unless otherwise specified. Antibodies were from the fol-
lowing sources: 9E10 anti-Myc monoclonal (Cancer
Research UK), 12CA5 anti-HA monoclonal (Cancer Reae-
arch UK), anti-Myc polyclonal 1:500 anti-HA polyclonal
(Santa Cruz), 1:500 anti-Scar/WAVE3 (Upstate), 1:100
anti-Abi1, or 1:100 anti-Scar/WAVE1 [65], anti-Abi1 (gift
from Giorgio Scita, Instituto Europeo di Oncologia,
Milan, Italy), HRP-conjugated secondary antibody anti-
mouse or anti-rabbit (Jackson labs), anti-Arp3 (Sigma
Israel), Goat anti-mouse or rabbit, FITC, TRITC, Alexa-488
or Alexa-546 Conjugates (Molecular Probes). The specifi-
city of the anti-Scar/WAVE3 antibody for Scar/WAVE3 has
been demonstrated by Oda and colleagues [47].
Vectors and cloning
HSPC300 and Abi1 expression vectors were created using
the Gateway Cloning system (Invitrogen). Open reading
frames for HSPC300, and Abi1, derived from I.M.A.G.E.
clones 4519512 (HSPC300) and 4158413 (Abi1) (UK-
Human Genome Resource Centre, Babraham), were
amplified by PCR and ligated into the pENTR-Topo entry
vector (Invitrogen). N-terminally HA- and Myc- tagged
HSPC300, and Abi1, were created in pRK5 DEST-Myc or
pRK5 DEST-HA Gateway destination vectors by recombi-
nation from entry vectors. pRK5 DEST-Myc or pRK5
DEST-HA were created by ligation of the Gateway Vector
Conversion System (Invitrogen) reading frame A cassette
into pRK5-myc or pRK5-HA cut with SmaI. Scar/WAVE1,
Scar/WAVE2, and Scar/WAVE3 full length and deletion
constructs were created by PCR and cloned into pRK5-
myc or pGEX4T-2. Scar/WAVE-1 constructs were derived
from KIAA00429[7]; Scar/WAVE2 constructs were derived
from pDSRed Scar2, a kind gift from Giorgio Scita (Inno-
centi et al., 2004); Scar/WAVE3 constructs were derived
from pcDNA Scar3, a kind gift from John Scott, Portland,
U.S.A. L61 Cdc42-pGex2T and IRSp53-pRK5-Myc were a
gift from Alan Hall (LMCB, London) [54]. IRSp53 was
subcloned into pGex4T-2 using BamH1 and EcoR1 restric-
tion sites. For Yeast Two-Hybrid analyses, Abi1 and
HSPC300 were fused in-frame to the C-terminus of the
GAL4 DNA-binding domain in pYTH9. Myc-tagged Scar/
WAVE1 deletion constructs have been previously
described[7]. Scar1 deletion mutants (described in Addi-
tional file 1) were fused to the C-terminus of the GAL4
activation domain in pACT-II [66]. Yeast 2-hybrid analy-
ses were performed as previously described [66].
Cell culture, transfection, and lysis
Cos 7 and C2C12 cells were grown in DMEM plus 10%
Foetal Calf Serum and antibiotics. Transfections were per-
formed using Genejuice transfection reagent (Novagen)
following the manufacturers instructions. Cell lysis was
performed from confluent cells in a 1% Triton X-100 lysis
buffer (1% Triton X-100, 50 mM Tris-HCl pH 7.5, 150
mM NaCl,, 1 mM EDTA, 10% Glycerol, 1 mM PMSF, and
1 µg/ml each of chymostatin, aprotinin, leupeptin, and
pepstatin). Lysates were cleared by centrifugation and
equalised to 1 mg/ml total protein concentration.
Preparation of mouse brain extract
Mouse brains were homogenised on ice in 2 µl of 1% Tri-
ton X-100 lysis buffer per mg of tissue using a fine gauge
needle. Homogenates were centrifuged once for 10 min-
utes at 13,000 rpm in a microcentrifuge, then for 30 min-
utes at 100,000 g in a Beckmann TLA-100.2 rotor.
Supernatants were equalised to 1 mg/ml total protein con-
centration with 1% Triton X-100 lysis buffer.
Immunoprecipitations
Lysates or brain extracts (500 µg of total protein) were
incubated with 30 µl bed volume of pre-washed protein G
beads (Cancer Research UK) for 1 hour, designated beads
minus antibody controls. Beads were precipitated and
supernatants removed. 5 µg of antibody monoclonal
9E10 anti-myc, 12CA5 anti-HA, Rabbit anti-Scar/WAVE3,
or Mouse anti-Abi1 or an irrelevant control antibody (rab-
bit or mouse anti-myc) was added to the supernatant and
incubated for 1 hour, before the addition of 30 µl bed vol-
ume of pre-washed protein G beads, designated beads
plus antibody, for 1 hour. Beads were precipitated, and
the supernatant removed. Beads were washed 3 times in
30-fold bed volume of lysis buffer. Beads were resus-
pended in an equal volume of 2× SDS-PAGE loadingPage 9 of 12
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analysed by SDS-PAGE and western blotting.
GST-production and pull downs
GST-fusion proteins were expressed in BL21 E.coli induced
for 3 hours with 0.2 mM IPTG, or 15 hours at 25°C for
GST-IRSp53. Cells were spun down and sonicated in 1 ml
of 1% Triton PBS (1% Triton X-100, PBS pH 7.5, 1 mM
PMSF, and 1 µg/ml each of chymostatin, leupeptin, apro-
tinin, and pepstatin) per 100 ml bacterial culture. GST
fusion proteins were batch purified on 100 µl
Glutathione-s-agarose (Sigma) per 100 ml culture and
washed 5 times with 10-fold bed volume of sonication
buffer. Beads were resuspended in an equal volume of 1%
Triton lysis buffer. SDS-PAGE analysis and coomasie
staining were used to qualify GST fusion proteins. 500 µg
total protein of transfected Cos7 cell lysate was incubated
with GST-fusion protein or GST alone for 1 hour. Beads
were precipitated, lysates removed and the beads were
washed 3 times in 1% Triton lysis buffer. Beads were
resuspended in and equal volume of 2× SDS-PAGE load-
ing buffer. Samples were analysed by SDS-PAGE and west-
ern blotting.
SDS-PAGE and Western blotting
Proteins were separated by SDS-PAGE and transferred
onto nitrocellulose membrane by western blotting. Blots
were saturated with 5% dried milk in PBS 0.2% Tween-20,
probed with 1:500 9E10 anti-Myc monoclonal, 1:500
12CA5 anti-HA monoclonal, 1:500 anti-Myc polyclonal
1:500 anti-HA polyclonal, 1:500 anti-Scar/WAVE3, 1:100
anti-Abi1, or 1:100 anti-Scar/WAVE1 primary antibody in
2.5% BSA 0.2% Tween-20 PBS followed by 1:10'000 dilu-
tion of HRP-conjugated secondary antibody diluted in
0.2% Tween-20 PBS. Bound secondary antibody was visu-
alised using SuperSignal (Pierce) according to the manu-
facturers instructions.
Immunofluorescence microscopy
Cells cultured on glass coverslips were fixed in 4% para-
formaldehyde and permeabilized with 0.1% Triton PBS.
Cells were stained with 1:200 Rb anti-HA polyclonal,
1:200 12CA5 anti-HA monoclonal, 1:200 9E10 anti-myc
monoclonal, 1:100 anti-Scar\WAVE3, 1:200 monoclonal
anti-Arp3, or 1:25 anti-Abi1 primary antibodies diluted in
1% BSA PBS. Secondary antibodies used were Goat anti-
mouse or rabbit, FITC, TRITC, Alexa-488 or Alexa-546
Conjugates at 1:200 dilution in 1% BSA PBS. Filamentous
actin was visualised using Alexa-546 conjugated phalloi-
din (Molecular Probes) diluted 1:500 in 1% BSA PBS.
Slides were viewed using a BioRad MRC100 confocal laser
scanning microscope. For endogenous Scar/WAVE3 label-
ling, it was important to test which cell lines expressed
Scar/WAVE3. Among the following cell lines: NIH 3T3,
N1E 115 neuroblastoma, N19 neuroblastoma, PC6 neu-
ronal precursor, J774.A1 bone marrow macrophage, RAW
264.7 alveolar macrophage and C2C12 myoblast, we
found that only C2C12 expressed endogenous Scar/
WAVE3 by western blotting of whole cell lysates (M. Var-
tiainen, unpublished results). We thus used C2C12 for
localisation of endogenous Scar/WAVE3 protein.
Abbreviations
GST glutathione-S-transferase, WH2 WASP-homology 2,
A acidic sequence motif, SHD Scar homology domain,
NckAP1 Nck-associated protein 1, HSPC300
haematopoeitc stem/progenitor cell protein, Abi 2 abel-
son tyrosine kinase interactor 2
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Additional File 1
Characterization of HSPC300 and Abi1 binding domain of Scar/
WAVE1.  (A) Schematic representation of the domain architecture of 
Scar/WAVE family proteins and the deletion constructs used in these 
experiments.  Numbers indicate start or end point of Scar/WAVE1 dele-
tion mutants in amino acid residue position.  Start/End points for Scar/
WAVE2 deletion mutants are FL = 498, delta A = 456, SPW = 455, SP 
= 435, SB = 245, SHD = 170, BPWA = 171, PWA = 246.  Start/End 
points for Scar/WAVE3 deletion mutants are FL = 499, delta A = 488, 
SPW = 457, SP = 439, SB = 238, SHD = 171, BPWA = 172, PWA = 
239.  FL; Full length.  SHD; Scar Homology Domain.  B; Basic Rich 
Region.  PRR; Proline rich region.  W; Wiskott Homology 2 domain.  C; 
Central or connecting region.  A; Acidic Rich Region.  (B) Co-immuno-
precipitation of HA-Abi1 with Myc-Scar/WAVE deletion constructs.  (C) 
Co-immunoprecipitation of HA-Abi1 or HA-HSPC300 respectively with 
Myc-Scar/WAVE deletion constructs.  Protein G beads were used to 
immunoprecipitate protein from transiently transfected Cos 7 fibroblasts 
before (-Ab) and after addition (+Ab) of an anti-Myc (9E10) monoclonal 
antibody.  Bead bound fractions and supernatants (Sup) were analysed by 
SDS-PAGE followed by immunoblotting.  Blots were probed with an anti-
HA polyclonal antibody for the presence of HA-Abi1 or HA-HSPC300 in 
immunoprecipitated complexes.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2121-6-11-S1.eps]Page 10 of 12
(page number not for citation purposes)
BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11References
1. May RC, Machesky LM: Phagocytosis and the actin
cytoskeleton. J Cell Sci 2001, 114:1061-1077.
2. May RC, Caron E, Hall A, Machesky LM: Involvement of the Arp2/
3 complex in phagocytosis mediated by FcgammaR or CR3.
Nat Cell Biol 2000, 2:246-248.
3. DeMali KA, Barlow CA, Burridge K: Recruitment of the Arp2/3
complex to vinculin: coupling membrane protrusion to
matrix adhesion. J Cell Biol 2002, 159:881-891.
4. Blanchoin L, Amann KJ, Higgs HN, Marchand JB, Kaiser DA, Pollard
TD: Direct observation of dendritic actin filament networks
nucleated by Arp2/3 complex and WASP/Scar proteins.
Nature 2000, 404:1007-1011.
5. Mullins RD, Heuser JA, Pollard TD: The interaction of Arp2/3
complex with actin: nucleation, high affinity pointed end cap-
ping, and formation of branching networks of filaments. Proc
Natl Acad Sci U S A 1998, 95:6181-6186.
6. Amann KJ, Pollard TD: The Arp2/3 complex nucleates actin fil-
ament branches from the sides of pre-existing filaments. Nat
Cell Biol 2001, 3:306-310.
7. Machesky LM, Insall RH: Scar1 and the related Wiskott-Aldrich
syndrome protein, WASP, regulate the actin cytoskeleton
through the Arp2/3 complex. Curr Biol 1998, 8:1347-1356.
8. Millard TH, Sharp SJ, Machesky LM: Signalling to actin assembly
via the WASP (Wiskott-Aldrich syndrome protein)-family
proteins and the Arp2/3 complex. Biochem J 2004, 380:1-17.
9. Suetsugu S, Miki H, Takenawa T: Identification of two human
WAVE/SCAR homologues as general actin regulatory mole-
cules which associate with the Arp2/3 complex. Biochem Bio-
phys Res Commun 1999, 260:296-302.
10. Yamaguchi H, Miki H, Suetsugu S, Ma L, Kirschner MW, Takenawa T:
Two tandem verprolin homology domains are necessary for
a strong activation of Arp2/3 complex-induced actin polym-
erization and induction of microspike formation by N-
WASP. Proc Natl Acad Sci U S A 2000, 97:12631-12636.
11. Higgs HN, Blanchoin L, Pollard TD: Influence of the C terminus
of Wiskott-Aldrich syndrome protein (WASp) and the Arp2/
3 complex on actin polymerization. Biochemistry 1999,
38:15212-15222.
12. Ho HY, Rohatgi R, Lebensohn AM, Le M, Li J, Gygi SP, Kirschner MW:
Toca-1 Mediates Cdc42-Dependent Actin Nucleation by
Activating the N-WASP-WIP Complex. Cell 2004,
118:203-216.
13. Torres E, Rosen MK: Contingent phosphorylation/dephosphor-
ylation provides a mechanism of molecular memory in
WASP. Mol Cell 2003, 11:1215-1227.
14. Cory GO, Garg R, Cramer R, Ridley AJ: Phosphorylation of tyro-
sine 291 enhances the ability of WASp to stimulate actin
polymerization and filopodium formation. Wiskott-Aldrich
Syndrome protein. J Biol Chem 2002, 277:45115-45121.
15. Cory GO, Cramer R, Blanchoin L, Ridley AJ: Phosphorylation of
the WASP-VCA domain increases its affinity for the Arp2/3
complex and enhances actin polymerization by WASP. Mol
Cell 2003, 11:1229-1239.
16. Insall RH, Machesky LM: Regulation of WASP; PIP2 Pipped By
Toca-1? Cell 2004, 118:140-141.
17. Machesky LM, Mullins RD, Higgs HN, Kaiser DA, Blanchoin L, May
RC, Hall ME, Pollard TD: Scar, a WASp-related protein, acti-
vates nucleation of actin filaments by the Arp2/3 complex.
Proc Natl Acad Sci U S A 1999, 96:3739-3744.
18. Miki H, Suetsugu S, Takenawa T: WAVE, a novel WASP-family
protein involved in actin reorganization induced by Rac.
Embo J 1998, 17:6932-6941.
19. Eden S, Rohatgi R, Podtelejnikov AV, Mann M, Kirschner MW: Mech-
anism of regulation of WAVE1-induced actin nucleation by
Rac1 and Nck. Nature 2002, 418:790-793.
20. Schenck A, Bardoni B, Moro A, Bagni C, Mandel JL: A highly con-
served protein family interacting with the fragile X mental
retardation protein (FMRP) and displaying selective interac-
tions with FMRP-related proteins FXR1P and FXR2P. Proc
Natl Acad Sci U S A 2001, 98:8844-8849.
21. Kobayashi K, Kuroda S, Fukata M, Nakamura T, Nagase T, Nomura
N, Matsuura Y, Yoshida-Kubomura N, Iwamatsu A, Kaibuchi K:
p140Sra-1 (specifically Rac1-associated protein) is a novel
specific target for Rac1 small GTPase. J Biol Chem 1998,
273:291-295.
22. Kitamura T, Kitamura Y, Yonezawa K, Totty NF, Gout I, Hara K,
Waterfield MD, Sakaue M, Ogawa W, Kasuga M: Molecular cloning
of p125Nap1, a protein that associates with an SH3 domain
of Nck. Biochem Biophys Res Commun 1996, 219:509-514.
23. Kitamura Y, Kitamura T, Sakaue H, Maeda T, Ueno H, Nishio S, Ohno
S, Osada S, Sakaue M, Ogawa W, Kasuga M: Interaction of Nck-
associated protein 1 with activated GTP-binding protein
Rac. Biochem J 1997, 322 ( Pt 3):873-878.
24. Frank MJ, Smith LG: A small, novel protein highly conserved in
plants and animals promotes the polarized growth and divi-
sion of maize leaf epidermal cells. Curr Biol 2002, 12:849-853.
25. Frank MJ, Cartwright HN, Smith LG: Three Brick genes have dis-
tinct functions in a common pathway promoting polarized
cell division and cell morphogenesis in the maize leaf
epidermis. Development 2003, 130:753-762.
26. Maranchie JK, Afonso A, Albert PS, Kalyandrug S, Phillips JL, Zhou S,
Peterson J, Ghadimi BM, Hurley K, Riss J, Vasselli JR, Ried T, Zbar B,
Choyke P, Walther MM, Klausner RD, Linehan WM: Solid renal
tumor severity in von Hippel Lindau disease is related to
germline deletion length and location. Hum Mutat 2004,
23:40-46.
27. Dai Z, Pendergast AM: Abi-2, a novel SH3-containing protein
interacts with the c-Abl tyrosine kinase and modulates c-Abl
transforming activity. Genes Dev 1995, 9:2569-2582.
28. Biesova Z, Piccoli C, Wong WT: Isolation and characterization
of e3B1, an eps8 binding protein that regulates cell growth.
Oncogene 1997, 14:233-241.
29. Scita G, Tenca P, Areces LB, Tocchetti A, Frittoli E, Giardina G,
Ponzanelli I, Sini P, Innocenti M, Di Fiore PP: An effector region in
Eps8 is responsible for the activation of the Rac-specific GEF
activity of Sos-1 and for the proper localization of the Rac-
based actin-polymerizing machine. J Cell Biol 2001,
154:1031-1044.
30. Gautreau A, Ho HY, Li J, Steen H, Gygi SP, Kirschner MW: Purifica-
tion and architecture of the ubiquitous Wave complex. Proc
Natl Acad Sci U S A 2004, 101:4379-4383.
31. Innocenti M, Zucconi A, Disanza A, Frittoli E, Areces LB, Steffen A,
Stradal TE, Di Fiore PP, Carlier MF, Scita G: Abi1 is essential for
the formation and activation of a WAVE2 signalling
complex. Nat Cell Biol 2004, 6:319-327.
32. Sossey-Alaoui K, Head K, Nowak N, Cowell JK: Genomic organi-
zation and expression profile of the human and mouse
WAVE gene family. Mamm Genome 2003, 14:314-322.
33. Courtney KD, Grove M, Vandongen H, Vandongen A, LaMantia AS,
Pendergast AM: Localization and phosphorylation of Abl-inter-
actor proteins, Abi-1 and Abi-2, in the developing nervous
system. Mol Cell Neurosci 2000, 16:244-257.
34. Echarri A, Lai MJ, Robinson MR, Pendergast AM: Abl interactor 1
(Abi-1) wave-binding and SNARE domains regulate its nucle-
ocytoplasmic shuttling, lamellipodium localization, and
wave-1 levels. Mol Cell Biol 2004, 24:4979-4993.
35. Blagg SL, Insall RH: Solving the WAVE function. Nat Cell Biol 2004,
6:279-281.
36. Steffen A, Rottner K, Ehinger J, Innocenti M, Scita G, Wehland J,
Stradal TE: Sra-1 and Nap1 link Rac to actin assembly driving
lamellipodia formation. Embo J 2004, 23:749-759.
37. Yan C, Martinez-Quiles N, Eden S, Shibata T, Takeshima F, Shinkura
R, Fujiwara Y, Bronson R, Snapper SB, Kirschner MW, Geha R, Rosen
FS, Alt FW: WAVE2 deficiency reveals distinct roles in embry-
ogenesis and Rac-mediated actin-based motility. Embo J 2003,
22:3602-3612.
38. Yamazaki D, Suetsugu S, Miki H, Kataoka Y, Nishikawa S, Fujiwara T,
Yoshida N, Takenawa T: WAVE2 is required for directed cell
migration and cardiovascular development. Nature 2003,
424:452-456.
39. Rogers SL, Wiedemann U, Stuurman N, Vale RD: Molecular
requirements for actin-based lamella formation in Dro-
sophila S2 cells. J Cell Biol 2003, 162:1079-1088.
40. Zallen JA, Cohen Y, Hudson AM, Cooley L, Wieschaus E, Schejter ED:
SCAR is a primary regulator of Arp2/3-dependent morpho-
logical events in Drosophila. J Cell Biol 2002, 156:689-701.
41. Kiger A, Baum B, Jones S, Jones M, Coulson A, Echeverri C, Perrimon
N: A functional genomic analysis of cell morphology using
RNA interference. J Biol 2003, 2:27.Page 11 of 12
(page number not for citation purposes)
BMC Cell Biology 2005, 6:11 http://www.biomedcentral.com/1471-2121/6/11Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
42. Bogdan S, Klambt C: Kette regulates actin dynamics and genet-
ically interacts with Wave and Wasp. Development 2003,
130:4427-4437.
43. Kunda P, Craig G, Dominguez V, Baum B: Abi, Sra1, and Kette
control the stability and localization of SCAR/WAVE to reg-
ulate the formation of actin-based protrusions. Curr Biol 2003,
13:1867-1875.
44. Seastone DJ, Harris E, Temesvari LA, Bear JE, Saxe CL, Cardelli J: The
WASp-like protein scar regulates macropinocytosis, phago-
cytosis and endosomal membrane flow in Dictyostelium. J
Cell Sci 2001, 114:2673-2683.
45. Bear JE, Rawls JF, Saxe CL: SCAR, a WASP-related protein, iso-
lated as a suppressor of receptor defects in late Dictyostel-
ium development. J Cell Biol 1998, 142:1325-1335.
46. Blagg SL, Stewart M, Sambles C, Insall RH: PIR121 regulates pseu-
dopod dynamics and SCAR activity in Dictyostelium. Curr Biol
2003, 13:1480-1487.
47. Oda A, Miki H, Wada I, Yamaguchi H, Yamazaki D, Shiro S, Mineba N,
Akira N, Okawa K, Miyazaki H, Matsuno K, Ochs HD, Machesky LM,
Fujita H, Takenawa T: WAVE/Scars in Platelets. Blood 2004.
48. Miki H, Yamaguchi H, Suetsugu S, Takenawa T: IRSp53 is an essen-
tial intermediate between Rac and WAVE in the regulation
of membrane ruffling. Nature 2000, 408:732-735.
49. Miki H, Takenawa T: WAVE2 serves a functional partner of
IRSp53 by regulating its interaction with Rac. Biochem Biophys
Res Commun 2002, 293:93-99.
50. Nakagawa H, Miki H, Nozumi M, Takenawa T, Miyamoto S, Wehland
J, Small JV: IRSp53 is colocalised with WAVE2 at the tips of
protruding lamellipodia and filopodia independently of
Mena. J Cell Sci 2003, 116:2577-2583.
51. Hori K, Konno D, Maruoka H, Sobue K: MALS is a binding part-
ner of IRSp53 at cell-cell contacts. FEBS Lett 2003, 554:30-34.
52. Sekerkova G, Loomis PA, Changyaleket B, Zheng L, Eytan R, Chen B,
Mugnaini E, Bartles JR: Novel espin actin-bundling proteins are
localized to Purkinje cell dendritic spines and bind the Src
homology 3 adapter protein insulin receptor substrate p53. J
Neurosci 2003, 23:1310-1319.
53. Bockmann J, Kreutz MR, Gundelfinger ED, Bockers TM: ProSAP/
Shank postsynaptic density proteins interact with insulin
receptor tyrosine kinase substrate IRSp53. J Neurochem 2002,
83:1013-1017.
54. Krugmann S, Jordens I, Gevaert K, Driessens M, Vandekerckhove J,
Hall A: Cdc42 induces filopodia by promoting the formation
of an IRSp53:Mena complex. Curr Biol 2001, 11:1645-1655.
55. Fujiwara T, Mammoto A, Kim Y, Takai Y: Rho small G-protein-
dependent binding of mDia to an Src homology 3 domain-
containing IRSp53/BAIAP2. Biochem Biophys Res Commun 2000,
271:626-629.
56. Sossey-Alaoui K, Su G, Malaj E, Roe B, Cowell JK: WAVE3, an
actin-polymerization gene, is truncated and inactivated as a
result of a constitutional t(1;13)(q21;q12) chromosome
translocation in a patient with ganglioneuroblastoma. Onco-
gene 2002, 21:5967-5974.
57. Suetsugu S, Yamazaki D, Kurisu S, Takenawa T: Differential roles
of WAVE1 and WAVE2 in dorsal and peripheral ruffle for-
mation for fibroblast cell migration. Dev Cell 2003, 5:595-609.
58. Nozumi M, Nakagawa H, Miki H, Takenawa T, Miyamoto S: Differ-
ential localization of WAVE isoforms in filopodia and lamel-
lipodia of the neuronal growth cone. J Cell Sci 2003,
116:239-246.
59. Ziemnicka-Kotula D, Xu J, Gu H, Potempska A, Kim KS, Jenkins EC,
Trenkner E, Kotula L: Identification of a candidate human spec-
trin Src homology 3 domain-binding protein suggests a gen-
eral mechanism of association of tyrosine kinases with the
spectrin-based membrane skeleton. J Biol Chem 1998,
273:13681-13692.
60. Yamamoto A, Suzuki T, Sakaki Y: Isolation of hNap1BP which
interacts with human Nap1 (NCKAP1) whose expression is
down-regulated in Alzheimer's disease. Gene 2001,
271:159-169.
61. Dahl JP, Wang-Dunlop J, Gonzales C, Goad ME, Mark RJ, Kwak SP:
Characterization of the WAVE1 knock-out mouse: implica-
tions for CNS development. J Neurosci 2003, 23:3343-3352.
62. Danial NN, Gramm CF, Scorrano L, Zhang CY, Krauss S, Ranger AM,
Datta SR, Greenberg ME, Licklider LJ, Lowell BB, Gygi SP, Korsmeyer
SJ: BAD and glucokinase reside in a mitochondrial complex
that integrates glycolysis and apoptosis. Nature 2003,
424:952-956.
63. Soderling SH, Binns KL, Wayman GA, Davee SM, Ong SH, Pawson T,
Scott JD: The WRP component of the WAVE-1 complex
attenuates Rac-mediated signalling. Nat Cell Biol 2002,
4:970-975.
64. Westphal RS, Soderling SH, Alto NM, Langeberg LK, Scott JD: Scar/
WAVE-1, a Wiskott-Aldrich syndrome protein, assembles
an actin-associated multi-kinase scaffold. Embo J 2000,
19:4589-4600.
65. Launay S, Brown G, Machesky LM: Expression of WASP and
Scar1/WAVE1 actin-associated proteins is differentially
modulated during differentiation of HL-60 cells. Cell Motil
Cytoskeleton 2003, 54:274-285.
66. Aspenstrom P, Olson MF: Yeast two-hybrid system to detect
protein-protein interactions with Rho GTPases. Methods
Enzymol 1995, 256:228-241.
67. Sambrook J, Fritsch Edward F, Maniatis T: Molecular cloning : a
laboratory manual. 2nd ed edition. Cold Spring Harbor, N.Y., Cold
Spring Harbor Laboratory; 1989. Page 12 of 12
(page number not for citation purposes)
